Experimental and clinical findings from physical exercise as complementary therapy for epilepsy by Arida, Ricardo Mario et al.
Epilepsy & Behavior 26 (2013) 273–278
Contents lists available at SciVerse ScienceDirect
Epilepsy & Behavior
j ourna l homepage: www.e lsev ie r .com/ locate /yebehReview
Experimental and clinical ﬁndings from physical exercise as complementary therapy
for epilepsy
Ricardo Mario Arida a,⁎, Antonio-Carlos Guimarães de Almeida b,
Esper Abrão Cavalheiro c, Fulvio Alexandre Scorza c
a Departamento de Fisiologia, Universidade Federal de São Paulo/Escola Paulista de Medicina (UNIFESP/EPM), São Paulo, Brazil
b Laboratório de Neurociência Experimental e Computacional, Departamento de Engenharia Biomédica, Universidade Federal de São João del-Rei, São João del-Rei, Brazil
c Disciplina de Neurologia Experimental, Universidade Federal de São Paulo/Escola Paulista de Medicina (UNIFESP/EPM), São Paulo, Brazil⁎ Corresponding author at: Rua Botucatú 862, Ed. Ciên
04023‐900 São Paulo, Brazil.
E-mail address: arida.nexp@epm.br (R.M. Arida).
1525-5050 © 2012 Elsevier Inc.
doi:10.1016/j.yebeh.2012.07.025
Open access under the Elsea b s t r a c ta r t i c l e i n f oArticle history:
Accepted 26 July 2012
Available online 23 October 2012
Keywords:
Physical exercise
Epilepsy
Seizure
Complementary therapy for epilepsy
Translational scienceComplementary therapies for preventing or treating epilepsy have been extensively used. This review focuses
on the positive effects of physical exercise programs observed in clinical studies and experimental models
of epilepsy and their signiﬁcance as a complementary therapy for epilepsy. Information about the
antiepileptogenic and neuroprotective effects of exercise is highlighted. Considering that exercise can exert
beneﬁcial actions such as reduction of seizure susceptibility, reduction of anxiety and depression, and
consequently, improvement of quality of life of individuals with epilepsy, exercise can be a potential
candidate as non-pharmacological treatment of epilepsy.
This article is part of a Special Issue entitled “The Future of Translational Epilepsy Research”.
© 2012 Elsevier Inc.Open access under the Elsevier OA license.1. Introduction
Neuroprotective and antiepileptogenic approaches have been exten-
sively explored for preventing and treating epilepsy [1]. Although the
most commonly used therapeutic approach to control seizures
is pharmacological, non-pharmacological therapies, including comple-
mentary and alternativemedicine, are often used by peoplewith epilepsy
[2–4]. Among them, acupuncture, botanical/herbals, chiropractic care,
magnet therapy, prayers, stress management, and yoga are frequently
employed [5]. It is interesting to note that neither people with epilepsy
nor health care professionals usually include physical exercise programs
as a complementary therapy. This reluctance may be due to fear that
exercise will cause seizures, stigma, or lack of information. Considering
the growing evidence in the literature about the positive effects of
exercise for both seizure control and improvement of quality of life of
individuals with epilepsy, it seems reasonable to integrate programs of
exercise as a complementary non-pharmacological treatment of epilepsy.
To this end, our central concern is to propose the potential utilization of a
physical exercise strategy for preventing or treating epilepsy.
2. General beneﬁts of exercise for people with epilepsy
It has been proved that regular physical exercise programs provide
both physiological and psychological beneﬁts for people with epilepsycias Biomédicas 50 andar, CEP
vier OA license.[4,6]. People with epilepsy who participate in exercise programs present
with fewer seizures than inactive subjects; however, neither the cause
nor the effect has been clearly deﬁned [4]. Generally, they can obtain the
same beneﬁts from physical training as healthy individuals, i.e., increased
maximal aerobic capacity, increasedwork capacity, reduced heart rate on
submaximal standardized work level, weight reduction with reduced
body fat [7,8] as well as reduced risk factors for conditions such as
diabetes, hypertension, coronary heart disease, obesity, and osteoarthritis
[9]. With regard to psychological beneﬁts, studies on this topic have
shown that active subjects present better psychosocial adjustment and
improvement in mental state [6,10,11]. Brief considerations of these
aspects are given in the next topic and are reviewed elsewhere [12].
3. Physical exercise minimizing comorbidities associated
with epilepsy
Patients with epilepsy frequently experience psychiatric comorbid-
ities, especially depression and anxiety disorders. These conditions have
a negative impact on quality of life [13] and share common pathogenic
mechanisms. A broad range of evidence has demonstrated that
abnormalities of neurotransmitter systems such as serotonin, noradren-
aline, dopamine, glutamate, and GABA are found in mood disorders and
epilepsy. Physical exercise can modulate several neurotransmitter
systems [14–16] and, therefore, act positively on these conditions. For
example, a regular exercise program increases serotonin, noradrenaline,
dopamine synthesis and release, up-regulates neurotrophins, reduces
stress and, therefore, decreases hypothalamic–pituitary–adrenal activity
and adrenal glucocorticoids [17], which consequently, may reduce
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with patientswith epilepsy have demonstrated that active subjects have
signiﬁcantly lower levels of depression than inactive subjects [10,11].
Factors such as ability to work, social functioning, family stability,
stigma, and adjustment to seizures signiﬁcantly affect the quality of life
of people with epilepsy and are commonly related to depression and
anxiety disorders [18,19]. Following this, regular physical exercise has
received considerable attention as a mechanism for enhancing resis-
tance to the negative effects of psychosocial stress in a healthy adult
population [20]. Indeed, single sessions ofmoderate aerobic exercise can
provide acute mood beneﬁts [21], and exercise programs reduce
depression [22]. Therefore, the impact of exercise on the reduction
of seizure frequency or seizure susceptibility and neurotransmitter
modulation in mood disorders and epilepsy should be considered.
Another comorbidity which has been poorly examined in epilepsy
is obesity. During patient management, there is a great risk of weight
gain with some antiepileptic medications [23,24]. An elegant study
conducted by Daniels and collaborators [25] demonstrated that
children with newly diagnosed, untreated epilepsy had a higher
bodymass index than healthy children. Studies with animal models of
epilepsy have also reported signiﬁcant increase in body weight in the
long-term [26–28]. In this regard, obesity not only interferes with
body image and self-conﬁdence, but also is associated with other
diseases such as dyslipidemia, hypertension, diabetes mellitus,
atherosclerosis, and vascular complications [29]. An example of the
negative impact of epilepsy and obesitywas reported in one study that
compared children with epilepsy with those of their siblings without
epilepsy. The investigators foundmore overweight cases in thosewith
epilepsy than in controls (among those 13 to 17 years old), and this
statement was consistent with the parental reports of decreased
physical activity. In addition, children with a higher seizure frequency
had a signiﬁcantly greater body mass index percentile for age [30].
We also need to bear in mind that some antiepileptic drugs are
correlated not only to weight gain but also to reduced bone density
[31]. One dominant factor that inﬂuences bone health is the limitation
of physical exercise in these patients. General recommendations
restricting patients' activities may contribute to impaired bone
mineralization. Considering that exercise induces positive effects on
bone health [32], we may suggest its beneﬁcial inﬂuence on bone
mineral density regulation in this speciﬁc population [33].
4. Antiepileptogenic effects of exercise
Several investigations using physical exercise programs have been
undertaken in an attempt to prevent epilepsy. Initial studies indicate
that exercise can modulate neuronal vulnerability to epileptic insults.
For instance, Arida and collaborators [34] demonstrated that an
aerobic training program retarded amygdala kindling development
in rats. One of the mechanisms suggested for this effect is the
involvement of neurotransmitters. The tonic inhibitory inﬂuence of
noradrenaline on kindling development [35] is well established. This
effect occurs on kindling development but not on kindling state [35].
These ﬁndings accord with the observations from Bortolotto and
Cavalheiro [36] that indicated that the depletion of noradrenaline
induced by DSP4 facilitated the propagation of epileptiform activity
and rate of hippocampal kindling. Indeed, in the study by Arida and
collaborators [34], trained animals spent shorter after-discharge
duration during stage 1 and a longer time in stage 1. Taken into account
together, evidence that brain neurotransmission is inﬂuenced by
exercise [15] and the inhibitory inﬂuence of noradrenaline on kindling
development [35] suggests that alterations in neurotransmitter systems
induced by physical exercise could mediate the inhibitory/excitatory
balance to reduce seizure development/frequency. Parallel ﬁndings
were observed in animals housed in an enriched environment and
submitted to the kindling model of epilepsy [37]. Thus, a study that
evaluated animals submitted to long-term physical exercise onsusceptibility to subsequent seizures induced by pilocarpine showed
improvements in behavioral parameters such as latency of the ﬁrst
motor sign, intensity/frequency of seizures, and shorter status epilepti-
cus (SE) than sedentary animals [38]. Other ﬁndings with exercise
paradigms (swimming training and voluntary wheel running) and
convulsant or epilepsymodels (penicillin, pentylenetetrazol, and kainic
acid) reinforce the above data [39–41].
Evidence indicates that early environmental factors such as
physical exercise can result in a “neural reserve” that can be used
throughout the life course, i.e., better cognitive performance and a
lower likelihood of cognitive impairment in later life [42–44]. Based
on these interesting ﬁndings, it can be suggested that the practice of
physical activities at earlier ages may improve lifelong brain functions
and reduce the future risk of brain disorders. In this line, a recent
study conducted by Gomes da Silva and collaborators [45] examined
whether physical exercise performed during postnatal brain devel-
opment in rats could modify seizure susceptibility later in life. The
exercise program delayed the onset and reduced the intensity of
pilocarpine-induced motor symptoms in midlife rats. The above
ﬁndings show that early physical exercise may interfere positively in
the later ictogenesis (i.e., seizure generation process) and epilepto-
genesis (i.e., epilepsy generation process) and support the hypothesis
that the physical activity habits at an early age may shape a neural
reserve against brain disorders.
5. Neuroprotective effects of exercise in epilepsy
A potential neural beneﬁt of physical activity is neuroprotection.
Animal studies have shown that exercise can reduce brain cell loss or
neuronal damage in several animal models of brain insults [46,47].
Although a large body of literature indicates positive effects of
exercise for brain recovery in different conditions such as stroke and
Alzheimer's and Parkinson's diseases, information about their effects
on seizure reduction is not well clariﬁed. To address this, a number of
investigations have analyzed the effect of exercise in this context (for
a review, see [4]).
The ﬁrst animal study to investigate the effect of exercise after
development of chronic epilepsy showed a reduced frequency of
seizures during the physical training period [48]. Subsequent studies
using the same exercise protocol and animal model of epilepsy
(pilocarpine) reported increased interictal local cerebral metabolic
rates for glucose in some brain regions related to attention, vigilance,
and alertness (inferior colliculus and auditory cortex) [49], decreased
CA1 hyper-responsiveness [50], and positive plastic changes in the
hippocampal formation of rats with epilepsy [51].
As mentioned above, information in literature has demonstrated
the effect of exercise toward increased resistance to insults and
the increased survival of newborn neurons in the hippocampus
[46,47,52]. Brain injury resulting from seizures is an active process
that embraces multiple factors contributing to neuronal cell death. In
this regard, neuronal loss occurs not only with sustained seizures, i.e.,
SE, but also with repeated brief seizures or a single seizure [53].
Several factors contribute to this phenomenon such as genetic factors,
glutamate mediated excitotoxicity, mitochondrial dysfunction, oxi-
dative stress and abnormal concentration of cytokines [54]. At a
cellular level, severe seizure activity induces vast inﬂux of calcium via
voltage gated and N-methyl-D-aspartate (NMDA)-dependent ion
channels [55] which can trigger acute neuronal cell death after SE
[56]. As a calcium binding protein superfamily member, parvalbumin
(PV) exhibits a great afﬁnity for calcium and may protect cells from
calcium overload [57]. Parvalbumin is a marker of inhibitory in-
terneurons since it is mainly co-localized with the neurotransmitter
GABA [58]. Considering that a rise in the intracellular calcium levels
triggers molecular events associated to neuronal degeneration, de-
creased expression of PV has been implicated in neuronal death in
epilepsy [59,60]. In this respect, a study conducted by Arida and
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creased the number of PV-positive cells and staining intensity of PV-
ﬁbers in the hilus of rats with epilepsy. Although the vulnerability of PV
interneurons in epilepsy is still an open question, PV might be
suggested as one of the candidates for the protective effect of exercise
on epilepsy.
Other factors not yet explored in this context need to be considered
and are highlighted elsewhere [4]. For instance, stress, neurosteroids,
melatonin, and opioids play an important part in this picture. Stress has
been considered one of most frequent precipitants of seizures in people
with epilepsy [61,62]. Among the use of stress reduction therapies,
regular physical activity has been proposed for the treatment of
seizures [63]. Based on evidence showing that sensitivity to stress is
reduced after long-term exercise, regular physical activity could be a
potential candidate for stress reduction in people with epilepsy. The
role of neuroactive steroids to reduce hypothalamic–pituitary–adrenal
(HPA) axis activation may play an important function in returning to
homeostasis following stress. Although increases in neurosteroids in
response to stress are adaptive in the short term, lower brain and
plasma neurosteroid concentrations are observed in animal models of
chronic stress [64,65]. Recently, some researchers have raised the
hypothesis that neurosteroids may represent a novel therapeutic target
in epilepsy [65,66]. For instance, an elegant study conducted by
Lawrence and colleagues [66] demonstrated that inhibition of neuro-
steroid synthesis can exacerbate seizures, probable due to reduced
neurosteroid levels in the brain. Information from literature has
suggested that long-term exercise leads to HPA axis adaptation [67].
Although there are no direct associations among neurosteroids and
exercise in epilepsy, we could postulate that physical stress (exercise)
can induce neurosteroid release and operate as an additional anti-
epileptic mechanism [68]. Stress also exerts a modulatory effect in the
opioid system [69]. For example, β-endorphin is signiﬁcantly activated
depending on the type of stress (intensive exercise). Based on
information of opioid system involvement in seizure control [70],
exercise might affect seizure susceptibility also via the opioid system.
The efﬁcacy of melatonin as an anticonvulsant has been demon-
strated in several animal models as well as in clinical studies [71,72].
Thus, there are favorable reports considering that melatonin is
modulated by exercise [73]. To our knowledge, the only study on
this topic demonstrated that an exercise program was able to revert
the effects of pinealectomy on the amygdala kindling development
[74]. From this, the effects of the possible therapeutic use of
melatonin associated with regular exercise to ameliorate control of
seizures should be considered.
6. From the bench to the clinic
Information concerning the participation of people with epilepsy
in physical activities or sport activities has increased considerably
in the last decade [4,8,12,30,68,75–84]. Consequently, the effect of
exercise on epilepsy has been a less controversial subject, and in this
regard, campaigns motivating greater physical activity participation
have been launched in the mass media, which have reached control
subjects and patients with epilepsy. For this purpose, recently, the
ILAE (International League against Epilepsy) has formed a task force
to develop new strategies to disseminate information about sport
participation in people with epilepsy.
Though peoplewith epilepsy are increasingly involved in physical or
sport activities, there is still limited information about the effect
of exercise programs or “physical training” in humans. Exercise
programs comprise regular exercise, and for effective results, one
must have sustained adherence to the training. Factors such as
difﬁculties in arranging transportation, dependence on family, cognitive
impairments, low motivation, and fear of having a seizure during
exercise contribute to reduced exercise adherence and, therefore, to the
difﬁculties in conducting research on this topic. From the few studiesthat have evaluated supervised exercise programs for people with
epilepsy, encouraging ﬁndings were found. Some studies demonstrated
no increase in seizure frequency after 4 weeks [7] or 12 weeks of a
physical exercise program [85]. Further, in the 12‐week study, there
was increased quality of life in the exercise group compared to the
control group [85]. Women with intractable epilepsy exhibited a
decrease in number of seizures during the exercise period. Considering
that the investigations cited above include predominantly aerobic
exercise, some studies examined whether intensive exercise, i.e.,
exhaustive effort, alters seizure susceptibility in people with epilepsy.
None of the participants with epilepsy had seizures during incremental
effort to exhaustion or after physical exertion [83,84,86], supporting
observations that, in general, physical exercise is not a seizure-inducing
factor [78,79]. In line with this reasoning, no reports of seizure
occurrence during exercise to exhaustion have been noted in animal
studies [63]. Indeed, early information on this topic has stated that
epileptiform activity on the EEG disappears or is reduced in most
patients during physical activity [87,88].
Clinical data have indicated that people with epilepsy show a
two- to three-fold increase in premature death than those without
epilepsy, and the most common epilepsy-related category of death is
sudden unexpected death in epilepsy (SUDEP) [89]. The potential
risk factors for SUDEP include age, early onset of epilepsy, duration of
epilepsy, uncontrolled seizures, seizure frequency, seizure type,
quantity of antiepileptic drugs, and winter temperatures [90,91].
Among these factors, studies suggest that seizure frequency is the
strongest risk factor for SUDEP [92,93]. We have to bear in mind that
preventative measures other than antiepileptic drugs and surgical
therapies could be helpful in the prevention of SUDEP [94]. The
pathomechanisms for SUDEP are unknown; however, cardiac
arrhythmia during and between seizures, arrhythmogenic drugs, or
alteration of the autonomic nervous systemmay play a potential role
[95]. In this regard, some beneﬁcial effects of physical exercise
against SUDEP can be suggested [80]. It is believed that cardiovas-
cular diseases are often associated with overactivity of the sympa-
thetic nervous system [96], and some of the beneﬁcial effects of
physical activity are likely to be related, in part, to reductions in
sympathetic activity. To our knowledge, there is only one case report
study that evaluated a witnessed case of probable SUDEP in an
individual who was performing exercise [97]. Therefore, it is
reasonable to believe that regular exercise may attenuate the
frequency of seizures and cardiac abnormalities that could predis-
pose patients to SUDEP. This discussion does not apply, however, to
patients with exercise-induced cardiac arrhythmias.
7. Conclusions
Translating ﬁndings from the laboratory bench is crucial in
treating epilepsy. The aim of investigating exercise and epilepsy
from a translational science perspective is to transfer knowledge
published in the literature to the clinic. This review describes a
considerable number of nonclinical studies that could contribute to
our knowledge of beneﬁcial effect of exercise on epilepsy. Although
the beneﬁcial impact of exercise on epilepsy has been reported in
human and animal studies (Fig. 1), our understanding of the
mechanisms by which epilepsy is inﬂuenced by exercise is still
limited. Data arising from laboratory benches can complement the
limited information on physical and sport activities in humans.
Nevertheless, the neuroprotective and antiepileptogenic actions of
exercise illustrated above strengthen the role of exercise intervention
as complementary non-pharmacological treatment of epilepsy. In
this sense, we should emphasize that people with epilepsy should
include exercise as a complementary therapy not only for seizure
control but also for non-seizure conditions such as physical health
promotion and psychosocial adjustment and improvement in mental
state. People with epilepsy should be encouraged to exercise and
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Fig. 1. Comparison between animal and human studies demonstrating the beneﬁcial contribution of exercise to seizure susceptibility/reduction.
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these goals, support of health authorities, social workers, sport
instructors, and campaigns to inform and stimulate patients to
become more active are necessary.Acknowledgments
This research was supported by CNPq, FAPESP, FAPESP/FAPEMIG,
CAPES, INNT, and ClnAPCe (Brazil).
277R.M. Arida et al. / Epilepsy & Behavior 26 (2013) 273–278References
[1] Acharya MM, Hattiangady B, Shetty AK. Progress in neuroprotective strategies for
preventing epilepsy. Prog Neurobiol 2008;84:363-404.
[2] Sirven JI, Drazkowski JF, Zimmerman RS, Bortz JJ, Shulman DL, Macleish M.
Complementary/alternative medicine for epilepsy in Arizona. Neurology 2003;61:
576-7.
[3] Schachter SC. Complementary and alternative medical therapies. Curr Opin
Neurol 2008;21:184-9.
[4] Arida RM, Scorza FA, Scorza CA, Cavalheiro EA. Is physical activity beneﬁcial for
recovery in temporal lobe epilepsy? Evidences from animal studies. Neurosci
Biobehav Rev 2009;33:422-31.
[5] Sirven JI. Alternative therapies for seizures: promises and dangers. Semin Neurol
2007;27:325-30.
[6] Nakken KO. Physical exercise in outpatients with epilepsy. Epilepsia 1999;40:
643-51.
[7] Nakken KO, Bjorholt PG, Johannessen SI, Loyning T, Lind E. Effect of physical
training on aerobic capacity, seizure occurrence, and serum level of antiepileptic
drugs in adults with epilepsy. Epilepsia 1990;31:88-94.
[8] Arida RM, Cavalheiro EA, da Silva AC, Scorza FA. Physical activity and epilepsy:
proven and predicted beneﬁts. Sports Med 2008;38:607-15.
[9] Sevick MA, Dunn AL, MorrowMS, Marcus BH, Chen GJ, Blair SN. Cost effectiveness
of lifestyle and structured exercise interventions in sedentary adults: results of
project ACTIVE. Am J Prev Med 2000;19:1-8.
[10] Roth DL, Goode KT, Williams VL, Faught E. Physical exercise, stressful life
experience, and depression in adults with epilepsy. Epilepsia 1994;35:1248-55.
[11] Eriksen HR, Ellertsen B, Gronningsaeter H, et al. Physical exercise in women with
intractable epilepsy. Epilepsia 1994;35:1256-64.
[12] Arida RM, Cavalheiro EA, Scorza FA. From depressive symptoms to depression in
people with epilepsy: contribution of physical exercise to improve this picture.
Epilepsy Res 2012;99(1–2):1–13.
[13] Thapar A, Kerr M, Harold G. Stress, anxiety, depression, and epilepsy:
investigating the relationship between psychological factors and seizures.
Epilepsy Behav 2009;14:134-40.
[14] Blomstrand E, Perrett D, Parry-Billings M, Newsholme EA. Effect of sustained
exercise on plasma amino acid concentrations and on 5-hydroxytryptamine
metabolism in six different brain regions in the rat. Acta Physiol Scand 1989;136:
473-81.
[15] Chaouloff F. Physical exercise and brain monoamines: a review. Acta Physiol
Scand 1989;137:1–13.
[16] Dunn AL, Reigle TG, Youngstedt SD, Armstrong RB, Dishman RK. Brain
norepinephrine and metabolites after treadmill training and wheel running in
rats. Med Sci Sports Exerc 1996;28:204-9.
[17] Park E, Chan O, Li Q, et al. Changes in basal hypothalamo-pituitary–adrenal
activity during exercise training are centrally mediated. Am J Physiol Regul Integr
Comp Physiol 2005;289:R1360-71.
[18] Devinsky O. Diagnosis and treatment of temporal lobe epilepsy. Rev Neurol Dis
2004;1:2-9.
[19] Kellett MW, Smith DF, Chadwick DW. Quality of life after epilepsy surgery.
J Neurol Neurosurg Psychiatry 1997;63:52-8.
[20] Scully D, Kremer J, Meade MM, Graham R, Dudgeon K. Physical exercise and
psychological well-being: a critical review. Br J Sports Med 1998;32:111-20.
[21] Roth DL, Wiebe DJ, Fillingim RB, et al. Life events, ﬁtness, hardiness, and health: a
simultaneous analysis of proposed stress resistance effects. J Pers Soc Psychol
1989;57:136-42.
[22] Griest JH, Klein MH, Eischens RR, et al. Running for treatment of depression.
Comput Psychiatry 1979;20:41-54.
[23] Aydin K, Serdaroglu A, Okuyaz C, Bideci A, Gucuyener K. Serum insulin, leptin, and
neuropeptide y levels in epileptic children treated with valproate. J Child Neurol
2005;20:848-51.
[24] Verrotti A, Basciani F, De Simone M, Trotta D, Morgese G, Chiarelli F. Insulin
resistance in epileptic girls who gain weight after therapy with valproic acid.
J Child Neurol 2002;17:265-8.
[25] Daniels ZS, Nick TG, Liu C, Cassedy A, Glauser TA. Obesity is a common
comorbidity for pediatric patients with untreated, newly diagnosed epilepsy.
Neurology 2009;73:658-64.
[26] Bhatt R, Bhatt S, Rameshwar P, Siegel A. Amygdaloid kindled seizures induce
weight gain that reﬂects left hemisphere dominance in rats. Physiol Behav
2004;82:581-7.
[27] St-Pierre LS, Persinger MA. Extreme obesity in female rats following prepuberal
induction of lithium‐pilocarpine seizures and a single injection of acepromazine.
Epilepsy Behav 2005;7:411-8.
[28] St-Pierre LS, Bubenik GA, Parker GH, Persinger MA. Insidious weight gain in
prepubertal seized rats treated with an atypical neuroleptic: the role of food
consumption, ﬂuid consumption, and spontaneous ambulatory activity. Epilepsy
Behav 2009;14:288-92.
[29] McTigue K, Larson JC, Valoski A, et al. Mortality and cardiac and vascular outcomes
in extremely obese women. JAMA 2006;296:79-86.
[30] Wong J, Wirrell E. Physical activity in children/teens with epilepsy compared with
that in their siblings without epilepsy. Epilepsia 2006;47:631-9.
[31] Elliott JO, Jacobson MP, Seals BF. Self-efﬁcacy, knowledge, health beliefs, quality of
life, and stigma in relation to osteoprotective behaviors in epilepsy. Epilepsy
Behav 2006;9:478-91.
[32] Ahola R, Korpelainen R, Vainionpää A, Leppäluoto J, Jämsä T. Time-course of
exercise and its association with 12-month bone changes. BMC Musculoskelet
2009;10:138.[33] Elliott JO, Jacobson MP. Bone loss in epilepsy: barriers to prevention, diagnosis,
and treatment. Epilepsy Behav 2006;8:169-75.
[34] Arida RM, Vieira AJ, Cavalheiro EA. Effect of physical exercise on kindling
development. Epilepsy Res 1998;30:127-32.
[35] Westerberg V, Lewis J, Corcoran ME. Depletion of noradrenaline fails to affect
kindling seizures. Exp Neurol 1984;84:237-40.
[36] Bortolotto ZA, Cavalheiro EA. Effect of DSP4 on hippocampal kindling in rats.
Pharmacol Bioc Westerberg, V., Lewis, J., Corcoran, M.E., 1984. Depletion of
noradrenaline fails to affect kindling seizures. Exp Neurol 84, 237–40.
[37] Auvergne R, Leré C, El Bahh B, et al. Delayed kindling epileptogenesis and
increased neurogenesis in adult rats housed in an enriched environment. Brain
Res 2002;954:277-85.
[38] Setkowicz Z, Mazur A. Physical training decreases susceptibility to subsequent
pilocarpine-induced seizures in the rat. Epilepsy Res 2006;71:142-8.
[39] Reiss JI, Dishman RK, Boyd HE, Robinson JK, Holmes PV. Chronic activity wheel
running reduces the severity of kainic acid-induced seizures in the rat: possible
role of galanin. Brain Res 2009;1266:54-63.
[40] Rambo LM, Ribeiro LR, OliveiraMS, et al. Additive anticonvulsant effects of creatine
supplementation and physical exercise against pentylenetetrazol-induced sei-
zures. Neurochem Int 2009;55:333-40.
[41] Tutkun E, Ayyildiz M, Agar E. Short-duration swimming exercise decreases
penicillin-induced epileptiform ECoG activity in rats. Acta Neurobiol Exp (Wars)
2010;70:382-9.
[42] Dik M, Deeg DJ, Visser M, Jonker C. Early life physical activity and cognition at old
age. J Clin Exp Neuropsychol 2003;25:643-53.
[43] Richards M, Hardy R, Wadsworth ME. Does active leisure protect cognition?
Evidence from a national birth cohort. Soc Sci Med 2003;56:785-92.
[44] Middleton LE, Barnes DE, Lui LY, Yaffe K. Physical activity over the life course and
its association with cognitive performance and impairment in old age. J Am
Geriatr Soc 2010;58:1322-6.
[45] Gomes da Silva S, de Almeida AA, Silva Araújo BH, Scorza FA, Cavalheiro EA, Arida
RM. Early physical exercise and seizure susceptibility later in life. Int J Dev
Neurosci 2011;29:861-5.
[46] Wang RY, Yang YR, Yu SM. Protective effect of treadmill training on infarction in
rats. Brain Res 2001;922:140-3.
[47] Ang ET, Wong PTH, Moochala S, Ng YK. Neuroprotection associated with running:
is it a result of increased endogenous neurotrophic factors? Neuroscience
2003;118:335-45.
[48] Arida RM, Scorza FA, Santos NF, Peres CA, Cavalheiro EA. Effect of physical
exercise on seizure occurrence in a model of temporal lobe epilepsy in rats.
Epilepsy Res 1999;37:45-52.
[49] Arida RM, Fernandes MJS, Scorza FA, Preti SC, Cavalheiro EA. Physical training
does not inﬂuence interictal LCMRglu in pilocarpine-treated rats with epilepsy.
Physiol Behav 2003;79:789-94.
[50] Arida RM, Sanabria ERG, Silva AC, Faria LC, Scorza FA, Cavalheiro EA. Physical
training reverts hippocampal electrophysiological changes in rats submitted to
the pilocarpine model of epilepsy. Physiol Behav 2004;83:165-71.
[51] Arida RM, Scorza CA, Scorza FA, Silva SG, Naffah-Mazzacoratti MG, Cavalheiro EA.
Effects of different types of physical exercise on the staining of parvalbumin-
positive neurons in the hippocampal formation of rats with epilepsy. Prog
Neuropsychopharmacol Biol Psychiatry 2007;31:814-22.
[52] Rampon C, Tang YP, Goodhouse J, et al. Enrichment induces structural changes
and recovery from nonspatial memory deﬁcits in CA1 NMDAR1-knockout mice.
Nat Neurosci 2000;3:205-6.
[53] Cavazos JE, Das I, Sutula TP. Neuronal loss induced in limbic pathways by kindling:
evidence for induction of hippocampal sclerosis by repeated brief seizures.
J Neurosci 1994;14:3106-21.
[54] Ferriero DM. Protecting neurons. Epilepsia 2005;46(Suppl. 7):45-51.
[55] Van Den Pol AN, Obrietan K, Belousov A. Glutamate hyperexcitability and
seizure-like activity throughout the brain and spinal cord upon relief from chronic
glutamate receptor blockade in culture. Neuroscience 1996;74:653-74.
[56] Fujikawa DG, Shinmei SS, Cai B. Seizure-induced neuronal necrosis: implications
for programmed cell death mechanisms. Epilepsia 2000;41:S9–S13.
[57] Pauls TL, Cox JA, Berchtold MW. The calcium binding proteins parvalbumin and
oncomodulin and their genes: new structural and functional ﬁndings. Biochim
Biophys Acta 1996;1306:39-54.
[58] Sloviter RS, Sollas AL, Barbaro NM, Laxer KD. Calcium-binding protein (calbin-
din-D28K) and parvalbumin immunocytochemistry in the normal and epileptic
human hippocampus. J Comp Neurol 1991;308:381-96.
[59] Houser CR, Esclapez M. Vulnerability and plasticity of the GABA system in the
pilocarpine model of spontaneous recurrent seizures. Epilepsy Res 1996;26:
207-18.
[60] Magloczky Z, Wittner L, Borhegyi Z, et al. Changes in the distribution and
connectivity of interneurons in the epileptic human dentate gyrus. Neuroscience
2000;96:7–25.
[61] Nakken KO, Solaas MH, Kjeldsen MJ, Friis ML, Pellock JM, Corey LA. Which
seizure-precipitating factors do patients with epilepsy most frequently report?
Epilepsy Behav 2005;6:85-9.
[62] Haut SR, Hall CB, Masur J, Lipton RB. Seizure occurrence: precipitants and
prediction. Neurology 2007;69:1905-20.
[63] Arida RM, Scorza FA, Terra VC, Scorza CA, de Almeida AC, Cavalheiro EA.
Physical exercise in epilepsy: what kind of stressor is it? Epilepsy Behav
2009;16:381-7.
[64] Bitran D, Shiekh M, McLeod M. Anxiolytic effect of progesterone is mediated by
the neurosteroid allopregnanolone at brain GABAA receptors. J Neuroendocrinol
1995;7:171-7.
278 R.M. Arida et al. / Epilepsy & Behavior 26 (2013) 273–278[65] Reddy DS, Rogawski MA. Stress-induced deoxycorticosterone-derived neuroster-
oids modulates GABAA receptor function and seizure susceptibility. J Neurosci
2002;42:3795-805.
[66] Lawrence C, Martin BS, Sun C, et al. Endogenous neurosteroid synthesis
modulates seizure frequency. Ann Neurol 2010;67:689-93.
[67] Duclos M, Corcuff JB, Rashedi M, et al. Trained versus untrained men: different
immediate post-exercise responses of pituitary–adrenal axis. Eur J Appl Physiol
1997;75:343-50.
[68] Arida RM, Scorza FA, Toscano-Silva M, Cavalheiro EA. Does exercise correct
dysregulation of neurosteroid levels induced by epilepsy? Ann Neurol 2010;68:
971-2.
[69] Contet C, Gaveriaux-Ruff C, Matifas A, Caradec C, Champy MF, Kieffer BL.
Dissociation of analgesic and hormonal responses to forced swim stress using
opioid receptor knockout mice. Neuropsychopharmacology 2006;31:1733-44.
[70] Hammers A, Asselin MC, Hinz R, et al. Upregulation of opioid receptor binding
following spontaneous epileptic seizures. Brain 2007;130:1009-16.
[71] Mevissen M, Ebert U. Anticonvulsant effects of melatonin in amygdala kindled
rats. Neurosci Lett 1998;257:13-6.
[72] Fauteck J, Schmidt H, Lerchl A, Kurlemann G, Wittkowski W. Melatonin and
epilepsy: ﬁrst results of replacement therapy and ﬁrst clinical results. Biol Signals
Recept 1999;8:105-10.
[73] Theron JJ, Oosthuizen JM, Rautenbach MM. Effect of physical exercise on plasma
melatonin levels in normal volunteers. S Afr Med J 1984;66:838-41.
[74] Silva de Lacerda AF, Janjoppi L, Scorza FA, et al. Physical exercise program reverts
the effects of pinealectomy on the amygdala kindling development. Brain Res Bull
2007;74:216-20.
[75] Fountain NB, May AC. Epilepsy and athletics. Clin Sports Med 2003;22:605-16.
[76] Dubow JS, Kelly JP. Epilepsy in sports and recreation. Sports Med 2003;33:
499-516.
[77] Arida RM, Scorza FA, de Albuquerque M, Cysneiros RM, de Oliveira RJ, Cavalheiro
EA. Evaluation of physical exercise habits in Brazilian patients with epilepsy.
Epilepsy Behav 2003;4:507-10.
[78] Howard GM, Radloff M, Sevier TL. Epilepsy and sports participation. Curr Sports
Med Rep 2004;3:15-9.
[79] Sahoo SK, Fountain NB. Epilepsy in football players and other land-based contact
or collision sport athletes: when can they participate, and is there an increased
risk? Curr Sports Med Rep 2004;3:284-8.
[80] Arida RM, Scorza CA, Schmidt B, de Albuquerque M, Cavalheiro EA, Scorza FA.
Physical activity in sudden unexpected death in epilepsy: much more than a
simple sport. Neurosci Bull 2008;24:374-80.
[81] Arida RM, Scorza FA, Cavalheiro EA. Favorable effects of physical activity for
recovery in temporal lobe epilepsy. Epilepsia 2010;51(Suppl. 3):76-9.[82] Arida RM, Scorza FA, Gomes da Silva S, Schachter SC, Cavalheiro EA. The potential
role of physical exercise in the treatment of epilepsy. Epilepsy Behav 2010;17:
432-5.
[83] Vancini RL, de Lira CA, Scorza FA, et al. Cardiorespiratory and electroencephalo-
graphic responses to exhaustive acute physical exercise in people with temporal
lobe epilepsy. Epilepsy Behav 2010;19:504-8.
[84] de Lima C, Vancini RL, Arida RM, et al. Physiological and electroencephalographic
responses to acute exhaustive physical exercise in people with juvenile myoclonic
epilepsy. Epilepsy Behav 2011;22:718-22.
[85] McAuley JW, Long L, Heise J, et al. A prospective evaluation of the effects of a
12-week outpatient exercise program on clinical and behavioral outcomes in
patients with epilepsy. Epilepsy Behav 2001;2:592-600.
[86] Camilo F, Scorza FA, de Albuquerque M, Vancini RL, Cavalheiro EA, Arida RM.
Evaluation of intense physical effort in subjects with temporal lobe epilepsy. Arq
Neuropsiquiatr 2009;67:1007-12.
[87] Kuijer A. Epilepsy and exercise, electroencephalographical and biochemical
studies. In: Wada JA, Penry JK, editors. Advances in epileptology: the 10th
Epilepsy International Symposium. New York: Raven Press; 1980. p. 543.
[88] Gotze W, Kubicki ST, Munter M, et al. Effect of physical exercise on seizure
threshold. Dis Nerv Syst 1967;28:664-7.
[89] Duncan JS, Sander JW, Sisodiya SM, Walker MC. Adult epilepsy. Lancet 2006;367:
1087-100.
[90] Stollberger C, Finsterer J. Cardiorespiratory ﬁndings in sudden unexplained/
unexpected death in epilepsy (SUDEP). Epilepsy Res 2004;59:51-60.
[91] Scorza FA, de Albuquerque M, Arida RM, et al. Sudden unexpected death in
epilepsy: are winter temperatures a new potential risk factor? Epilepsy Behav
2007;10:509-10.
[92] Tomson T, Walczak T, Sillanpaa M, Sander JW. Sudden unexpected death in
epilepsy: a review of incidence and risk factors. Epilepsia 2005;46(Suppl. 11):
54-61.
[93] Scorza FA, Cysneiros RM, de Albuquerque M, Scattolini M, Arida RM. Sudden
unexpected death in epilepsy: an important concern. Clinics 2011;66:65-9.
[94] Scorza FA, Colugnati DB, Pansani AP, Sonoda EY, Arida RM, Cavalheiro EA.
Preventing tomorrow's sudden cardiac death in epilepsy today: what should
physicians know about this? Clinics 2008;63:389-94.
[95] Lathers CM, Schraeder PL, Bungo MW. The mystery of sudden death: mechanisms
for risks. Epilepsy Behav 2008;12:3–24.
[96] Schlaich MP, Lambert E, Kaye DM, et al. Sympathetic augmentation in
hypertension: role of nerve ﬁring, norepinephrine reuptake, and Angiotensin
neuromodulation. Hypertension 2004;43:169-75.
[97] Harrison BK, Asplund C. Sudden unexplained death in epilepsy during physical
activity. Curr Sports Med Rep 2007;6:13-5.
